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INTRODUCTION 

The Ceramic Materials Research Program a t  t h e  Un ive r s i ty  o f  Washington was 
e s t a b l i s h e d  June 1, 1963, under Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  
Grant Number NsG-484. 
m u l t i d i s c i p l i n a r y  r e sea rch  upon t h e  nature and p r o p e r t i e s  o f  ceramic materials 
and t o  assist t h i s  i n s t i t u t i o n  i n  t h e  development o f  an endur ing  r e s e a r c h  
c a p a b i l i t y  i n  ceramics and ceramic engineer ing;  The funds  are, t h e r e f o r e ,  used 
t o  make f i n a n c i a l  suppor t  a v a i l a b l e  f o r  r e s e a r c h  on ceramic materials conducted 
by members o f  t h e  Un ive r s i ty  f a c u l t y  and t o  purchase such items o f  c a p i t a l  
equipment as are deemed d e s i r a b l e  for t h e  implementation of  t h e  s t a t e d  purposes .  

The p r i n c i p a l  purposes o f  t h e  g r a n t  are t o  encourage 

The program, planned t o  s tudy  t h e  effects o f  va r ious  energy environments 
upon ceramic materials, is  d iv ided  i n t o  s e v e r a l  broad r e sea rch  areas,  namely; 
chemica l ,  s u r f a c e  phenomena, s o l i d  s ta te  ceramics, p rocess ing ,  and r a d i a t i o n  
effects .  
Materials Research Committee, t h e  membership o f  which is appoin ted  by t h e  Dean 
of t h e  Graduate School. The c u r r e n t  membership inc ludes  James I. Mueller,  
Ceramic Engineer ing ,  Chairman and P r i n c i p a l  I n v e s t i g a t o r ;  Norman W .  Gregory, 
Chemistry;  John L. Bjorkstam, Electrical Engineer ing;  0. J. Hhittemore,  J r . ,  
Ceramic Engineer ing;  and Barry D. L i c h t e r ,  M e t a l l u r g i c a l  Engineering. Admin- 
i s t r a t i o n  o f  t h e  program is coord ina ted  by a board c o n s i s t i n g  of E. C. 
L i n g a f e l t e r ,  Associate Dean of t h e  Graduate School,  Chairman; D. E. McFeron, 
Chairman, Committee on Research Po l i cy ,  College of Engineer ing;  D. A .  P i f e r ,  
Director o f  t h e  School of Mineral Engineering and James I. Mueller,  P r i n c i p a l  
I n v e s t i g a t o r .  

The r e sea rch  program is  planned and coord ina ted  by t h e  Ceramic 
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GENERAL PROGRAM REPORT 

This  is t h e  seven th  semiannual s t a t u s  r e p o r t  and cove r s  t h e  first h a l f  o f  
t h e  t h i r d  y e a r  o f  o p e r a t i o n  under t h i s  g r a n t .  
of twenty-nine p r o j e c t s  were superv ised  by f o u r t e e n  f a c u l t y  members i n  s i x  
academic d i s c i p l i n e s  o f  t h e  Univers i ty .  A t a b u l a t i o n  r e l a t i n g  academic d e p a r t -  
ments t o  r e s e a r c h  areas and t o  t h e  number of i n d i v i d u a l s  r e c e i v i n g  s u p p o r t  w i l l  
be found i n  Appendix A. 

During t h e  r e p o r t  p e r i o d ,  a t o t a l  

The Ceramic Materials Research Seminar, a pe r iod  devoted t o  d i s c u s s i o n s  of 
concepts  and r e s e a r c h  of i n t e r e s t  t o  t h e  program, met f o r  a t o t a l  of e l even  
s e s s i o n s  du r ing  t h e  p a s t  s i x  months. The speake r s  inc luded  s i x  g radua te  s t u d e n t s ,  
two Unive r s i ty  f a c u l t y  members and three v i s i t o r s .  The l a t t e r  inc luded  Mr. Ralph 
B a r n e t t ,  I l l i n o i s  I n s t i t u t e  o f  Technology, Professor J. P. Rober t s ,  Un ive r s i ty  
of Leeds, and D r .  Kiro Zmbov, Rice Univers i ty .  

Funds from t h e  g ran t  were used t o  supplement Un ive r s i ty  suppor t  of a v i s i t i n g  
p r o f e s s o r  d u r i n g  Summer Quarter.  D r .  Robert G. Lye, RIAS I n s t i t u t e  of Advanced 
S t u d i e s ,  Martin Co., Baltimore, Maryland, o f f e r e d  a four-week, t h r e e  c r e d i t  
cou r se  d u r i n g  t h e  "b" term of Summer Quar t e r  e n t i t l e d  "E lec t ron ic  Band S t r u c t u r e  
o f  So l ids . "  A t o t a l  of n ine t een  from f o u r  d i f f e r e n t  departments were e n r o l l e d .  
I n  a d d i t i o n ,  D r .  Lye s p e n t  many hours i n  p r i v a t e  and ~ o u p  d i s c u s s i o n s  w i t h  
f a c u l t y  members and graduate  s t u d e n t s  c o n s i d e r i n g  problems o f  mutual i n t e r e s t  i n  
t h e i r  r e s e a r c h  problems. 
i n t e r e s t  i n  s o l i d  s ta te  a s p e c t s  o f  t h e  t o t a l  r e sea rch  program. 
by some of  t h e  c u r r e n t  p r o j e c t  r e p o r t s  and a d d i t i o n a l  i n d i c a t i o n s  w i l l  be 
observed  i n  f u t u r e  a s p e c t s  of t h e  o v e r a l l  program. 

One t a n g i b l e  r e s u l t  o f  D r .  Lye's v i s i t  is  i n c r e a s e d  
This  is  evidenced 

D r .  James D. Siegwarth was added t o  t h e  Ceramic Engineer ing  staff  as Sen io r  
Research Assoc ia t e  d u r i n g  t h e  report pe r iod .  D r .  Siegwarth r e c e i v e d  h i s  
d o c t o r a t e  i n  Phys ics  from t h e  Un ive r s i ty  o f  Washington i n  June 1966, having  
been suppor t ed  by g r a n t  funds f o r  h i s  r e s e a r c h  on Mossbauer S t u d i e s  of n i c k e l  
ox ide .  
r e s e a r c h  wi th  s e v e r a l  o t h e r  f a c u l t y  members on s o l i d  s ta te  ceramic problems. 
new member o f  t h e  m e t a l l u r g i c a l  eng inee r ing  f a c u l t y ,  D r .  Thomas G.  S toebe ,  has  
j o i n e d  t h e  program, be ing  suppor ted  f o r  s o l i d  s t a t e  r e s e a r c h  upon d e f e c t  pro- 
p e r t i e s  o f  i o n i c  c r y s t a l s .  

H e  is  c u r r e n t l y  a s s i s t i n g  on t h e  p h o t o l y s i s  s tudy  and p l ann ing  coord ina ted  
A 

S e v e r a l  items of c a p i t a l  equipment w e r e  r ece ived  du r ing  t h e  p a s t  s i x  months. 
These i n c l u d e  an  e l e c t r o n i c  c i r c u i t  pane l  f o r  t h e  h igh  tempera ture  d i f f r a c t i o n  
u n i t ;  two Leco gas  a n a l y z e r s  f o r  t h e  de t e rmina t ion  of  carbon and oxygen i n  
s o l i d s ;  a q u a r t z  s p r i n g  microbalance and h igh  tempera ture  e q u i l e b r a t i o n  furnace  
for  g a s - s o l i d  s t u d i e s  ; two Cahn e l e c t r o b a l a n c e s  , one f o r  o x i d a t i o n  s t u d i e s  and 
one for t h e  h igh  tempera ture  c a l o r i m e t e r ;  and a Spex 1500 u l t r a  v i o l e t  s p e c t r o -  
meter. 
s t a g e s  of i n s t a l l a t i o n .  Add i t iona l  components have been r ece ived  f o r  equipment 
b e i n g  c o n s t r u c t e d  l o c a l l y  which are desc r ibed  i n  t h e  i n d i v i d u a l  s t a tus  r e p o r t s .  

Some o f  these items are a l r eady  i n  o p e r a t i o n  wh i l e  o t h e r s  are i n  v a r i o u s  

The program suppor ted  t h e  a t tendance  of twenty-four f a c u l t y  members t o  a 
t o t a l  of eirht t e c h n i c a l  meetings of which t h i r t e e n  papers were p r e s s n t e d  based  

i 
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upon work suppor ted  by t h e  g r a n t .  T h e s i s  and pape r s  pub l i shed  o r  p re sen ted  
r e s u l t i n g  from work suppor ted  wholly o r  i n  p a r t  by t h e  g r a n t  are l i s t e d  wi th  
t h e  i n d i v i d u a l  s t a t u s  r e p o r t s  and i n  Appendices C and D. 

' 0  
I n  an a t t empt  t o  develop b e t t e r  communication between personnel  i n  t h i s  

program and i n d i v i d u a l s  having s i m i l a r  r e s e a r c h  i n t e r e s t s  o u t s i d e  t h e  U n i v e r s i t y ,  
a number of t h e  la t ter  w e r e  i n v i t e d  t o  a t t e n d  t h e  annual  autumn program review. 
In  a d d i t i o n  t o  t h e  t e c h n i c a l  monitor from NASA, a t o t a l  of twenty a t t e n d e d  a 
b r i e f i n g  by t h e  r e s e a r c h  s u p e r v i s o r s  and v i s i t e d  t h e  va r ious  r e s e a r c h  l abora -  
t o r i e s  t o  exchange informat ion  wi th  our  r e s e a r c h  personnel .  A more d e t a i l e d  
r e p o r t  is inc luded  as Appendix E. 

One of t h e  purposes of t h i s  g ran t  was t o  assist i n  i n c r e a s i n g  t h e  number of 
g radua te  s t u d e n t s  working towards t h e  d o c t o r a t e  i n  ceramics o r  ceramic 
eng inee r ing .  
i ts effect  upon t h e s e  graduate  enro l lments  s e e n s t o  be i n  o r d e r .  The first 
i n d i v i d u a l  t o  complete h i s  requirements f o r  t h e  Ph.D, i n  ceramic e n g i n e e r i n g  
a t  t h i s  i n s t i t u t i o n  d i d  so dur ing  t h e  r e p o r t  pe r iod .  Whereas on ly  two had 
e n t e r e d  t h e  d o c t o r a t e  program dur ing  t h e  first h a l f  y e a r  under t h e  g r a n t ,  t h e r e  
are c u r r e n t l y  t e n  e n r o l l e d  a t  t h e  present  time. 
y e a r  i n c r e a s e s  is shown i n  Appendix F. 

S ince  t h e  program is midway through t h e  f o u r t h  year,  a r e p o r t  of 

A graph showing t h e  y e a r  by 

A 
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STUDIES OF THE ZIRCONIUM-OXYGEN-CARBON SYSTEM 

This  system has been s e l e c t e d  as t h e  subject of a g e n e r a l  s tudy  of t h e  
effects  o f  t h e  chemical environment upon ceramic materials.'\ S e v e r a l  
f a c u l t y  members from v a r i o u s  d i s c i p l i n e s  are p a r t i c i p a t i n g  i n  a coord ina ted  
s t u d y  t o  o b t a i n  basic knowledge regard ing  t h i s  system. 

GAS-SOLID EQUILIBRIUM 

James I. Mueller 
P r o f e s s o r ,  Ceramic Engineer ing 

The composition and pressure  of t h e  gaseous p h a s e ( s )  a s s o c i a t e d  wi th  
t h e  s o l i d  phases a t  v a r i o u s  temperatures  m a t e r i a l l y  affects t h e  e q u i l i b r i u m  
of a system. I t  is t h e  purpose o f  t h i s  r e s e a r c h  to s t u d y  t h e  effects o f  
t h e s e  v a r i a b l e s  upon t h e  Zr-0-C system. 

S t u d i e s  of t h e  Zirconium Dioxide-Carbon Reaction 

S.  K .  S a r k a r  
P r e d o c t o r a l  Assoc ia te ,  Ceramic Engineer in8 (June 1 6  t o  December 1 5 )  0 Ph. D. T h e s i s  Research 

Previous work has  i n d i c a t e d  t h e  evidence of a condensed phase,  t e n t a t i v e l y  
The purpose of t h e  cont inuing  i d e n t i f i e d  as Z r O O  5Co 5. 

a d d i t i o n a l  informaiion'upon t h e  n a t u r e  of t h e  r e a c t i o n  involved.  
s t u d y  is t o  o b t a i n  

The high temperature  x-ray furnace and a s s o c i a t e d  vacuum equipment was 
moved t o  a n o t h e r  l a b o r a t o r y  and i n s t a l l e d  with a s e p a r a t e  d i f f r a c t o m e t e r  and 
c i r c u i t  panel .  
t o  time s h a r i n g  i n  a n o t h e r  x-ray u n i t .  Tantalum res i s tor -sample  h o l d e r s  are 
b e i n g  c a r b u r i z e d  t o  reduce side reactions between t h e  p r i n c i p a l  r e a c t a n t s  and 
t h e  tan ta lum.  

This  w i l l  e l i m i n a t e  t h e  n e c e s s i t y  of d i s m a n t l i n g  equipment due 

I n  a d d i t i o n  t o  r e a c t i o n  s t u d i e s ,  t h e  g r a p h i t e  t u b e  furnace  w i l l  be  used t o  
produce a d d i t i o n a l  material i n  order t h a t  a d d i t i o n a l  c h a r a c t e r i z a t i o n  may be 
made. 

A paper  e n t i t l e d  "A Study of t h e  Ternary Z r - 0 - C  System" was presented  a t  
t h e  P a c i f i c  Coast Regional Meeting of t h e  American Ceramic S o c i e t y ,  P o r t l a n d ,  
Oregon, October 26-28, 1966. 
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Thermochemical Study of Zirconium Oxy-Carbide 

A .  D. Miller 
P redoc to ra l  Assoc ia te ,  Ceramic Engineering ( June  16 t o  December 1 5 )  
Ph . D. Thes i s  Research 

. 
The o b j e c t i v e  o f  t h i s  s tudy  is t h e  de t e rmina t ion  of t h e  existence and 

p r o p e r t i e s  of  a proposed t e r n a r y  compound of approximate composition Z r C O  
i n  t h e  system Zr-C-0. 
e q u i l i b r a t e  it wi th  gaseous atmospheres o f  small bu t  known oxygen p a r t i a l  
p r e s s u r e s  a t  high temperature.  
of t h e  e l e c t r o n i c  band s t r u c t u r e  o f  zirconium-oxygen-carbon phases.  
q u a l i t a t i v e ,  t h e s e  should  be va luable  for  g a i n i n g  an  i n s i g h t  as t o  t h e  n a t u r e  
of chemical bonding e x i s t i n g  i n  t h e  compounds. 

. 5  The p lan  is t o  p r e p a r e  very  pure zirconium carbide'an! 

This  o b j e c t i v e  was extended t o  inc lude  s t u d i e s  
While 

A q u a l i t a t i v e l y  c o r r e c t  band s t r u c t u r e  was c a l c u l a t e d  f o r  Z r C  by t h e  t i g h t -  
This s t r u c t u r e  w i l l  be modified by performing t h e  same computa- b inding  method. 

t i o n  b u t  s u b s t i t u t i n g  oxygen-like wave f u n c t i o n s  f o r  a f r a c t i o n  of  t h e  carbon 
f u n c t i o n s .  A number of such c a l c u l a t i o n s  w i l l  be made t o  determine t h e  effect  
of i n c r e a s i n g  oxygen con ten t  on t h e  band s t r u c t u r e  and d e n s i t y - o f - s t a t e s .  

The exper imenta l  work on e q u i l i b r a t i o n  of  Z r C  with oxygen c o n t a i n i n g  
atmospheres i s  i n  t h e  da t a - t ak ing  phase. The equipment was assembled and 
c a l i b r a t e d  d u r i n g  t h i s  per iod .  
developed i n  which a zirconium wire is d i r e c t l y  ca rbur i zed  by c o n t a c t  with 
p y r o l y t i c  g r a p h i t e  depos i t ed  on i t s  s u r f a c e  by t h e  decomposition o f  methane. 

A method o f  p repa r ing  zirconium ca rb ide  was 

0 
I n f l u e n c e  o f  Oxygen A c t i v i t y  on t h e  S t r u c t u r e  o f  Zirconium Oxide 

K.  M. Nair 
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineering (June 16  t o  December 1 5 )  
Ph . D.  Thes i s  Research 

T h e  purpose o f  t h i s  s tudy  i s  t h e  de t e rmina t ion  o f  t h e  effects  o f  low 
oxygen p a r t i a l  p re s su re  a t  high temperature upon t h e  s t a b i l i t y  of Zr02. 
planned t o  s tudy  t h e  p o s s i b l e  e x i s t e n c e  of  lower oxides  o f  zirconium, t h e i r  
dependence upon oxygen a c t i v i t y  and tempera ture ,  and t h e  i n f l u e n c e  of t h e  
format ion  o f  such an  oxide upon t h e  formation of a t e r n a r y  compound i n  t h e  
Zr-C-0 system. 

I t  is 

The r e s u l t s  of  x-ray a n a l y s i s  of r e a c t i o n  products  ob ta ined  t o  d a t e  a r e  
i n c o n c l u s i v e .  Some c o n s i s t e n t  d i f f r a c t i o n  l i n e s  have been observed bu t  they  
are n o t  r e l a t e d  t o  t h e  pub l i shed  p a t t e r n s  of Z r 0 2 ,  Z r C ,  Z r N  o r  Z r O o ~ S C o  5. 
h i g h  t empera tu re ,  high vacuum thermal  g r a v i m e t r i c  u n i t  is be ing  modified for 
use i n  t h i s  s tudy .  

The 
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Diffusion Study of a Z r 0 2 - C  Couple 

Charles A. Petschke 
Research A s s i s t a n t ,  Ceramic Engineering (June 16 t o  August 1 0 )  
M.S. Thes is  Research 

T h i s  i n v e s t i g a t i o n  was i n i t i a t e d  t o  s t u d y  t h e  c h a r a c t e r i s t i c s  of a 
zirconium dioxide-carbon d i f f u s i o n  couple. 
l e a d  t o  informat ion  which w i l l  a i d  i n  unders tanding  r e a c t i o n s  i n  t h e  Zr-C-0 
system. 

I t  is hoped t h a t  t h e  r e s u l t s  may 

Pol i shed  d i s c s  of pure g r a p h i t e  and pure  monoclinic Z r O p  were h o t  p r e s s e d  
i n  an argon atmosphere a t  16OO0C, 17OO0C, 180OOC and 1900OC t o  form d i f f u s i o n  
couples .  
t h e  couples  were s e c t i o n e d  f o r  examination wi th  a microscope, x-ray d i f f r a c t o r  
and e l e c t r o n  microprobe. 
observed and no d i f f u s i o n  of carbon i n t o  zirconium dioxide  was noted  a t  t h e  
lower t h r e e  tempera tures .  A t  1900OC t h e  carbon d i f f u s e d  i n t o  t h e  z i r c o n i a  and 
r e a c t e d  t o  form a condensed phase c o n s i s t i n g  of zirconium oxygen and carbon. 
ten-hour hold  a t  19OOOC produced an i n t e r f a c e  of  t h i s  material whose t h i c k n e s s  
was about f o u r  times t h a t  ob ta ined  with a f ive-hour  hold.  The d i f f r a c t i o n  
peaks o f  t h e  i n t e r f a c e  material c l o s e l y  matched t h e  l i n e s  obta ined  fo r  t h e  
t e r n a r y  compound Z r O O .  5Co.  5. 

T h e s i s  t i t l e :  "A Study of a Zirconium Dioxide-Carbon Dif fus ion  Couple." 

These were kept  a t  temperature  f o r  a p e r i o d  o f  f i v e  hours  after which 

No d i f f u s i o n  of zirconium i n t o  t h e  g r a p h i t e  was 

A 

Char les  A.  Petschke r e c e i v e d  an M.S. i n  Ceramic Engineer ing,  August 1966. 

Oxygen S o l u b i l i t y  i n  Zirconium Carbide 

H .  Peter Beaupain (Unsupported) 
P a r t - t i m e  Graduate S tudent ,  Ceramic Engineer ing 
M.S. Thes is  Research 

The purpose of t h i s  r e s e a r c h  is t o  determine t h e  e x t e n t  o f  oxygen 
s o l u b i l i t y  i n  zirconium c a r b i d e  under vary ing  c o n d i t i o n s  of temperature  and 
oxygen p r e s s u r e .  This  work was i n i t i a t e d  under  g r a n t  suppor t  bu t  h a s  been 
i n a c t i v e  u n t i l  r e c e n t  months. 

C o n t r o l l e d  atmosphere a t  high temperature  w i l l  be u t i l i z e d  t o  o b t a i n  Z r C - 0  
s o l i d  s o l u t i o n s .  
by means of  x-ray d i f f r a c t i o n ,  e l e c t r o n  microprobe and thermal  g r a v i m e t r i c  
t e c h n i q u e s .  

The amounts of s o l u b i l i t y  and t h e i r  effects  w i l l  be s t u d i e d  
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SOL I D  -SOL I D EQUI L I B  R I  UM 0 
N .  W .  Gregory 
Professor  , Department of Chemistry 

A thermodynamic and k i n e t i c  s t u d y  o f  chemical reactions i n  oxide- 
carb ide-graphi te  systems. 

Torsion Effus ion  S t u d i e s  of  Oxide-Carbide-Graphite Systems 

Juey Hong Rai 
Research A s s i s t a n t ,  Chemistry (June 16  t o  December 1 5 )  
Ph.D. Thes is  Research 

- 

Mr. R a i  has  j u s t  begun experimental  work  d u r i n g  t h e  p a s t  s i x  months. He 
w i l l  use  equipment assembled by previous workers on t h i s  p r o j e c t .  He has  been 
c a l i b r a t i n g  t h e  t o r s i o n  e f f u s i o n  appara tus  as w e l l  as f a m i l i a r i z i n g  h imsel f  
w i t h  i t s  o p e r a t i o n  by measuring t h e  vapor p r e s s u r e  of copper ,  s i l v e r  and gold ,  
r e s p e c t i v e l y .  
MgO and g r a p h i t e .  

He has  begun some pre l iminary  s t u d i e s  on t h e  i n t e r a c t i o n  of 

A paper  e n t i t l e d  "A Torsion Effusion Study of t h e  React ion of Graphi te  
with Hafnium and Uranium Dioxides," by T. C .  M .  P i l l a y  and N .  W .  Gregory was 
publ i shed  i n  t h e  J o u r n a l  of - Phys ica l  Chemistry, 70, 3140 (1966). 

0 
CALORIMETRIC INVESTIGATION OF CERAMIC AND RELATED MATERIALS 

Barry D .  L i c h t e r  
A s s o c i a t e  P r o f e s s o r ,  M e t a l l u r g i c a l  Engineer ing 

The o b j e c t i v e s  are t h e  development o f  a high tempera ture  c a l o r i m e t r i c  
f a c i l i t y  for t h e  s tudy  o f  h e a t  c a p a c i t i e s  and h e a t s  o f  t ransformat ion  of 
ceramic and r e l a t e d  materials. 

High  Temperature Drop Calor imetry 

Hugo W .  Schimmelbusch 
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing (September 1 6  t o  December 1 5 )  
M .  S . T h e s i s  Research 

- 

T h e  o b j e c t  o f  t h i s  program is t h e  des ign  and c o n s t r u c t i o n  of a high-  
t e m p e r a t u r e  d iphenyl -e ther  drop c a l o r i m e t e r .  The fo l lowing  calorimeter 
components and systems are r e q u i r e d :  (1) c a l o r i m e t e r  r e c e i v i n g  v e s s e l ,  ( 2 )  
room tempera ture  thermosta t  b a t h  , ( 3)  c a l o r i m e t e r  g a t e s ,  ( 4  1 sample drop 
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mechanism, ( 5  platinum-rhodium r e s i s t a n c e  fu rnace ,  ( 6  ) c a l o r i m e t e r  suppor t ing  
members and counterweight sys tem,  ( 7 )  power supply  and fu rnace  tempera ture  
c o n t r o l ,  (8) microbalance for mercury displacement measurement, and ( 9 )  vacuum 
i n e r t  gas t r a i n  system. 

0 

I n  S t a t u s  Reports Nos. 5 and 6 t h e  f i n a l  des ign  and t h e  c o n s t r u c t i o n  or  
procurement o f  items 1 and 2 have been r e p o r t e d ,  as w e l l  as t h e  f i n a l  des ign  
of items 3 through 6. During t h e  c u r r e n t  r e p o r t  p e r i o d ,  items 7 and 8 have 
been p rocur red  and i n i t i a l  des ign  o f  item 9 h a s  been c a r r i e d  ou t .  
ba lance  ( i t e m  8 )  has  s u f f i c i e n t  s e n s i t i v i t y  t o  be used du r ing  t h e  " r a t i n g "  
pe r iods  b e f o r e  and a f t e r  sample drop as w e l l  as s u i t a b l e  c a p a c i t y  t o  r e c o r d  
t h e  maximum t o t a l  mercury displacement.  I n  a d d i t i o n  two water-cooled, vacuum 
o p e r a t i n g  g a t e s  have been cons t ruc t ed ,  a l l  components for fu rnace  c o n s t r u c t i o n  
have been ob ta ined ,  and a novel  magnetic-brake has  been designed f o r  t h e  drop 
mechanism. 
has been completed, and a system f o r  adding  t h e  mercury and e t h e r  t o  t h e  
c a l o r i m e t e r  under vacuum has  been designed. 

The m i c r o -  

F i n a l  p u r i f i c a t i o n  o f  d iphenyl -e ther  ( f r a c t i o n a l  c r y s t a l l i z a t i o n )  

An i n v i t e d  paper  e n t i t l e d ,  "Review of  High Temperature C a l o r i m e t r i c  
Techniques" was p resen ted  by B. D.  L i c h t e r  a t  t h e  Pacific Coast Regional 
Meeting o f  t h e  American Ceramic S o c i e t y ,  P o r t l a n d ,  Oregon, October 26-28, 1966. 

THERMODYNAMICS OF TERNARY CERAMIC PHASE DIAGRAMS 

0 Gerald W .  Toop 
Assist a n t  P r o f e s s o r  , M e t a l l u r g i c a l  Engineering 

The o b j e c t  of  t h i s  i n v e s t i g a t i o n  i s  t o  a t tempt  t o  p r e d i c t  phase 
boundar ies  i n  t e r n a r y  phase diagrams u s i n g  t h e  thermodynamic p r o p e r t i e s  
of t h e  b ina ry  systems. 

Ternary  Ceramic Phase  Diagrams 

G.  Harinarayanan 
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineering (June 16 t o  October 31) 
M .  S. Thes i s  Research 

Dong Nyung Lee 
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineering (September 1 6  t o  December 1 5 )  
M.S. Thes i s  Research 

T h i s  work is con t inu ing  by apply ing  t h e  method of c a l c u l a t i o n  t o  t e r n a r y  
systems i n v o l v i n g  r e f r a c t o r y  metal oxides and c a r b i d e s  f o r  which b i n a r y  thermo- 
dynamic d a t a  is  a v a i l a b l e .  
c o n s i d e r a b l y  by t h e  development of g r a p h i c a l  s o l u t i o n s  t o  t h e  equa t ions .  
method h a s  been shown t o  g ive  good r e s u l t s  f o r  condensed t e r n a r y  systems 

The c a l c u l a t i o n  technique  has  been improved 
The  
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e x h i b i t i n g  immiscibi ly  gaps o r  a tendency toward compound formation.  
is leas t  a c c u r a t e  for  t e r n a r y  systems wi th  h i g h l y  s table ,  d i s t i n c t ,  t e r n a r y  
compounds. 

The method 

G. Harinarayanan r e c e i v e d  an M.S. i n  M e t a l l u r g i c a l  Engineer ing,  December 
1966.  Thes is  t i t l e :  " P r e d i c t i o n  of Isothermal  Phase Boundaries i n  Ternary 
Phase Diagrams u s i n g  Binary Thermodynamic Data." 

A paper  e n t i t l e d  " P r e d i c t i n g  Ternary Phase Diagrams Using Binary Data" 
was presented  a t  t h e  Pacific Coast Regional Meeting o f  t h e  American Ceramic 
S o c i e t y ,  P o r t l a n d ,  Oregon, October 26-28, 1366. 

ZIRCONIUM O X I D A T I O N  

Thomas F. Archbold 
A s s i s t a n t  P r o f e s s o r ,  M e t a l l u r g i c a l  Engineering 

The o b j e c t i v e s  o f  t h i s  p r o j e c t  are t o  determine t h e  n u c l e a t i o n  and 
growth c h a r a c t e r i s t i c s  o f  o x i d e ( s )  on zirconium metal a t  e l e v a t e d  tempera- 
t u r e s ,  as w e l l  as t o  i d e n t i f y  and c h a r a c t e r i z e  t h e  o x i d e ( s )  by e l e c t r o n  
d i f f r a c t i o n .  
oxygen p r e s s u r e s .  

Short-t ime h e a t i n g  by r a d i a t i o n  w i l l  t a k e  p l a c e  a t  reduced 

Zirconium Oxidat ion 

L.  P. S r i v a s t a v a  
P r e d o c t o r a l  Associate, M e t a l l u r g i c a l  Engineer ing (June 1 6  t o  December 15) 
Ph.D. Thes is  Research 

The d e t a i l s  of t h e  i n i t i a l  s t a g e s  o f  t h e  o x i d a t i o n  o f  zirconium are b e i n g  
i n v e s t i g a t e d .  
c o n s i d e r a b l e  amount o f  e f for t  was devoted t o  determine t h e  p r o p e r  exper imenta l  
c o n d i t i o n s  wi th  r e g a r d  t o  t h e  Cahn Elec t roba lance .  
t h e  specimen s u r f a c e  d u r i n g  short- t ime h e a t i n g  has  been a d i f f i c u l t  problem as 
it creates u n s a t i s f a c t o r y  n o i s e  l e v e l s  i n  t h e  balance.  
method of h e a t i n g  are b e i n g  considered i n  o r d e r  t o  minimize t h e  n o i s e .  

The gas p u r i f i c a t i o n  system has  been completed and t e s t e d .  A 

Convection c u r r e n t s  n e a r  

Modif icat ions i n  t h e  

Techniques fo r  t h e  r e p l i c a t i o n  o f  ox ide- f ree  and l i g h t l y - o x i d i z e d  metal 
s u r f a c e s  have been p e r f e c t e d .  The oxide s t r i p p i n g  technique f o r  r e l a t i v e l y  
t h i c k  o x i d e  l a y e r s  has  been modified t o  y i e l d  undis turbed  oxide f i l m s  f o r  
examinat ion i n  t h e  e l e c t r o n  microscope. Prel iminary r e s u l t s  i n d i c a t e  t h a t  a l l  
of t h e  oxides  are c r y s t a l l i n e ,  i n  c o n t r a s t  with resul ts  r e p o r t e d  by o t h e r  
workers. 
t h o s e  a p p e a r i n g  i n  t h e  l i t e r a t u r e .  

Also, t h e  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  appear  t o  be d i f f e r e n t  t h a n  

An a t tempt  is  b e i n g  made t o  determine oxide t h i c k n e s s e s  d i r e c t l y  on t h e  
microscope i n  o r d e r  t o  a i d  t h e  eva lua t ion  o f  t h e  e f f e c t s  of d e f e c t  s t r u c t u r e s  
on t h e  k i n e t i c s  o f  o x i d a t i o n .  a 
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SOLID STATE CERAMICS 

The bulk p r o p e r t i e s  of some ceramic materials are of prime importance 
and t h e s e  are, for  t h e  most p a r t ,  dependent upon s t r u c t u r a l  c o n s i d e r a t i o n s .  
The purpose of t h i s  r e s e a r c h  is  t o  re la te  t h e  n a t u r e  of c r y s t a l l i n e  ceramics 
wi th  a p p r o p r i a t e  p r o p e r t i e s .  

FERROELECTRIC MATERIALS STUDY 

Robert J. Campbell, Jr. 
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing 

The o b j e c t i v e  o f  t h e s e  s t u d i e s  is t h e  development of a n  e x p l a n a t i o n  
of t h e  mechanism of energy s t o r a g e  i n  ferroelectric materials, r e s u l t i n g  
from displacement of atoms in  t h e  c r y s t a l  la t t ice .  

Effect of  Foreign Atoms i n  t h e  Perovski te  Lattice on Electr ical  P r o p e r t i e s  

Fennimore N. Bradley 
P r e d o c t o r a l  Associate, Ceramic Engineer ing 
Ph.D. Thes is  Research 

The o b j e c t i v e  of t h i s  s tudy  is t o  determine t h e  effect  o f  i o n i c  i m p u r i t i e s  
0 

upon t h e  energy s t o r a g e  behavior  of f e r r o e l e c t r i c s  and, i n  p a r t i c u l a r ,  t o  
determine t h e  effect  o f  i m p u r i t i e s  upon t h e  Cur ie  temperature  of p e r o v s k i t e  
ceramics and t o  e s t a b l i s h  t h e  mechanism of t h i s  phenomenon. 

A s  p r e v i o u s l y  determined t h i s  s tudy  has  shown t h a t  t h e  d i f f e r i n g  p r o p e r t i e s  
a s c r i b e d  t o  v a r i o u s  dopants is almost e n t i r e l y  due t o  t h e i r  effect  on t h e  g r a i n  
s i ze  of t h r e e  d i f f e r e n t  f e r r o e l e c t r i c  t i t a n a t e s .  A mechanism which re la tes  
i n t e r n a l  s t r a i n  produced w i t h i n  extremely small g r a i n s  t o  d i e l e c t r i c  p r o p e r t i e s  
was demonstrated.  The release o f  t h i s  s t r a i n  by g r i n d i n g  t h e  f i r ed  f i n e - g r a i n  
material r e s t o r e d  t e t r a g o n a l i t y  t o  t h e  c r y s t a l s .  

F. N .  Bradley r e c e i v e d  t h e  Ph.D. i n  Ceramic Engineer ing,  December 1966. 
D i s s e r t a t i o n  tit le: "Ion Doped Perovski te  Ceramics ." 

T i m e  Dependent P r o p e r t i e s  

Tracy L. S c o t t  
Research Associate, Ceramic Engineering (June 20 t o  December 1 5 )  
M.S. T h e s i s  Research 
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S t u d i e s  of changes of d i e l e c t r i c  cons t an t  w i th  time were r e l a t e d  t o  g r a i n  
s i z e  of  B a T i O g  samples produced a t  t h e  same f i r i n g  tempera tures .  
was c o n t r o l l e d  by a d d i t i o n s  o f  i r o n  as i n d i c a t e d  by t h e  work of  Bradley. 

Grain s i z e  

S t u d i e s  t o  d a t e  i n d i c a t e  t h a t  t h e  a g i n g  ra te  v a r i e s  i n v e r s e l y  wi th  g r a i n  
The reason  f o r  t h i s  depa r tu re  from t h e  r e s u l t s  o f  o t h e r  i n v e s t i g a t o r s  s i z e .  

has n o t  been determined. 

Samples f o r  t h i s  s tudy  have been d ry  p re s sed  bu t  u l t i m a t e  d e n s i t y  of t h e  
specimens was very low (60-70% o f  t h e o r e t i c a l ) .  
p r e s s i n g  are b e i n g  acqui red  so t h a t  be t t e r  c o n t r o l  o f  g r a i n  s i z e  and f i n a l  
d e n s i t y  may be accomplished. 

Dies and punches f o r  ho t  

D i f f e r e n t i a t i o n  o f  Surface  and Grain Boundary Effects 

Robert J .  Mauzy 
Research Assoc ia t e ,  Ceramic Engineering (September 1 6  t o  December 2)  
M.S. Thes i s  Research 

This  s tudy  is in tended  t o  develop an  exp lana t ion  o f  t h e  d i f f e r e n c e s  observed  
i n  p r o p e r t i e s  o f  f e r r o e l e c t r i c s  c r y s t a l s  c o n t a i n i n g  i m p u r i t i e s .  
of t h e  l o c a t i o n  of t h e  impur i ty  atom, whether w i t h i n  t h e  c r y s t a l  or  con ta ined  
i n  t h e  g r a i n  boundar ies ,  should  provide an immediate answer t o  t h e  r o l e  o f  
t h e s e  i m p u r i t i e s .  

The knowledge 

S t u d i e s  o f  p o l y c r y s t a l l i n e  f e r r o e l e c t r i c s  c o n t a i n i n g  known a d d i t i o n s  of 
i m p u r i t i e s  by t h e  e l e c t r o n  microprobe are expec ted  t o  assist i n  l o c a t i n g  t h e  
atoms. 
i m p u r i t i e s  d i f f u s e d  i n t o  t h e  structure f o r  measurement o f  i n t r a - c r y s t a l  effects  
caused by t h e  i m p u r i t i e s .  

A d i f f e r e n t  phase o f  t h i s  study would provide  s i n g l e  c r y s t a l s  wi th  

M r .  Mauzy has  found it necessary t o  i n t e r r u p t  h i s  r e s e a r c h  f o r  a t  least 
H i s  s t u d i e s  t o  d a t e  were o f  l i b r a r y  c o l a t i o n  one y e a r  f o r  pe r sona l  reasons .  

and have n o t  r evea led  any new problems. 

F e r r o e l e c t r i c  S t r u c t u r e  

Richard E .  Den0 (Office o f  Engineering Research) 
Research A s s i s t a n t ,  Ceramic Engineering 
M .  S .  Thes i s  Research 

An a t tempt  i s  be ing  made t o  c o r r e l a t e  s t r u c t u r a l  effects on p o l a r i z a t i o n  
by s u b j e c t i n g  ferroelectric c r y s t a l s  t o  mechanical deformation du r ing  p o l a r i z a -  
t i o n .  It is  hoped t h a t  t h i s  r e sea rch  may lead t o  a be t t e r  unders tanding  o f  t h e  
m e c h a n i c a l - e l e c t r i c a l  i n t e r r e l a t i o n .  
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Oxidation S t u d i e s  i n  Colored Glasses 

James W. Vogan (Unsupported) 
Par t - t ime Graduate S t u d e n t ,  Ceramic Engineer ing 
M. S. Thesis  Research 

0 

A s t u d y  of e l e c t r o c h e m i c a l  p o t e n t i a l s  i s  expected t o  reveal t h e  i n f l u e n c e  
It is also of o x i d i z e r s  and f i r i n g  atmospheres on t h e  c o l o r  o f  amber g l a s s e s .  

hoped t h a t  a b e t t e r  explana t ion  of t h e  role  o f  s u l f u r  and carbon i n  t h e s e  
g l a s s e s  may be  developed. 

DOMAIN DYNAMICS I N  ISOMORPHOUS FERROELECTRICS 

John L. Bjorkstam 
Professor, Electrical  Engineer ing 

The o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  is t o  s t u d y  t h e  effect  of 
deuteron  s u b s t i t u t i o n  on domain p r o p e r t i e s  of hydrogen bonded ferro- 
e lec t r ics ,  and t o  correlate t h e  r e s u l t s  with a microscopic  model for  
t h e  domain w a l l  and t h e  process  o f  domain r e v e r s a l  ( s w i t c h i n g ) .  

F e r r o e l e c t r i c  Domains and Domain Motion i n  KH2P04 and KD2P04 

Richard E. Oettel  
P r e d o c t o r a l  Associate, Electrical  Engineer ing (June 16  t o  December 15) 
Ph. D. T h e s i s  Research 

0 

The i q r o v e d  appara tus  mentioned i n  t h e  prev ious  semiannual r e p o r t  is 
working very w e l l  and d a t a  a c q u i s i t i o n  is  proceeding normally.  
measurement is t h e  s idewise  v e l o c i t y  o f  a 180° domain i n  a r e g i o n  o f  o p p o s i t e  
p o l a r i z a t i o n .  
and degree  of d e u t e r a t i o n .  One r a t h e r  i n t e r e s t i n g  f e a t u r e  a l r e a d y  apparent  is 
t h e  large i n c r e a s e  i n  domain mobi l i ty  w i t h  a small d e p a r t u r e  f r o m  complete 
d e u t e r a t i o n .  For example, a c r y s t a l  which is  90% d e u t e r a t e d  has  a mobi l i ty  
o n l y  about  one o r d e r  of magnitude less t h a n  t h e  completely undeutera ted  c r y s t a l ,  
whi le  t h e r e  is an approximately s ix-order  of magnitude decrease  i n  mobi l i ty  
from p u r e  KH PO 
can r e o r i e n t  w i t h i n  t h e  u n i t  c e l l  dur ing  p o l a r i z a t i o n  r e v e r s a l  is r e s p o n s i b l e  
fo r  t h i s  profound i s o t o p e  effect .  
c r y s t a l  can ,  s o  t o  speak ,  s h o r t  o u t  t h e  s l u g g i s h  deuteron r e o r i e n t a t i o n  
mechanism and provide t h e  dominant path through which domain growth progresses .  

Our primary 

Domain v e l o c i t i e s  are be ing  obta ined  as a f u n c t i o n  of  tempera ture  

t o  pure KD2P04. The very much g r e a t e r  rate a t  which hydrogens 
.4 

A very small f r a c t i o n  of hydrogens i n  t h e  

We have shown t h a t  an atomic model for  t h e  wall of a l o n g  needle  shaped 
180° domain, such as w e  observe ,  must have a d i f f e r e n t  arrangement of atoms 
i n  t h e  s i d e  walls t h a n  i n  t h e  t i p .  
of t h e  t i p  w a l l  is 'L 50% areater than  fo r  t h e  s i d e  w a l l .  We b e l i e v e  t h i s  t o  b e  

The e lectrostat ic  energy p e r  u n i t  area 
- 

one r e a s o n  why domaFns grow by extending t h e  s i d e  w a l l  r a t h e r  t h a n  t h e  t i p  wall. e 
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A paper  e n t i t l e d  "The E f f e c t  of Deuteron S u b s t i t u t i o n  on Domain Dynamics i n  
Potassium Dihydrogen Phosphate," by John L. Bjorkstam and Richard E.  Oettel was 
presented  a t  t h e  I n t e r n a t i o n a l  Meeting on F e r r o e l e c t r i c i t y ,  Prague, 
Czechoslovakia,  June 28-July 1, 1966. 

0 

A paper  e n t i t l e d  "Domain Mobility i n  Hydrogen-Bonded F e r r o e l e c t r i c s  ,'I by 
Richard E.  Oet te l  and John L. Bjorks tam was p resen ted  a t  t h e  Pacific Coast 
Regional Meeting o f  t h e  American Ceramic S o c i e t y ,  Po r t l and ,  Oregon, October 
26-28, 1966. 

PHASE TOPOGRAPHY 

J e r r y  E.  Turnbaugh 
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineering 

S e l e c t e d  m i c r o s t r u c t u r a l  f e a t u r e s  common t o  ceramics are be ing  s t u d i e d  
i n  terms o f  t h e  v a r i a b l e s  l ead ing  t o  t h e i r  development. 

Phase Topography 

P e i  Sung 
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineering ( June  16 t o  December 1 5 )  
Ph.D. Thes is  Research 0 

A l l  exper imenta l  appa ra tus  is now f u n c t i o n i n g  and has  been c a l i b r a t e d .  
The CEC 24-120B Leak Detec tor  has been s u c c e s s f u l l y  adopted t o  measurements of 
t h e  H e 3 / H e 4  r a t i o .  
r e s u l t s  which appear t o  ag ree  wi th  l i t e r a t u r e  va lues .  
s a t u r a t i o n  s o l u b i l i t y  of He4 i n  U02,01 are now be ing  made on 10-pm p a r t i c l e s  
a t  15OO0C and 100-atm. 

Pre l iminary  s o l u b i l i t y  measurements of He4 i n  UO2 g i v e  
Measurements of 

Volume S t r e s s  Research 

Experimental  work has  been te rmina ted  wi th  t h e  completion o f  M r .  Anderson's 
tnesis requi rements .  
stresses i n  p o l y c r y s t a l l i n e  m a t e r i a l s  has  been developed which takes stress 
r e l a x a t i o n  by c reep  i n t o  account.  

A more e l a b o r a t e  v e r s i o n  of  Buessem's model f o r  i n t e r n a l  

The model has y e t  t o  be proven. 

A paper  e n t i t l e d  "Thermal Expansion o f  Beta-Eucryptite" by Norman C.  
Anderson and J e r r y  E.  Turnbaugh was p resen ted  a t  t h e  Pacific Coast Regional 
Meeting of t h e  American Ceramic Soc ie ty ,  P o r t l a n d ,  Oregon, October 26-28, 1966. 



1 8  

MOS SBAUER STUDIES 

J.  G. Dash 
P r o f e s s o r ,  Department o f  Physics  

Rela t ions  between l a t t i c e  dynamics and e l e c t r o n i c  c o n f i g u r a t i o n s  
i n  FeF2 and FeC12, by means o f  t h e  Mossbauer e f fec t .  

S o l i d  S t a t e  S t u d i e s  

Duane P. Johnson 
P r e d o c t o r a l  Research Associate, Department o f  Physics  ( June  1 6  t o  December 1 5 )  
Ph.D. Thesis  Research 

This  s tudy  is p a r t  of a cont inuing  exper imenta l  program of a p p l i c a t i o n  of 
t h e  Mossbauer e f f e c t  t o  s o l i d  s t a t e  s t u d i e s .  

Measurements of t h e  Mossbauer f r a c t i o n ,  quadrupole s p l i t t i n g ,  and isomer 
s h i f t  of Fe57 i n  t h i n  absorbers  of FeF2 and FeC12 have been made a t  t empera tures  
between 4 O  and 300OK. 
producing t h i n ,  uniform powdered samples o f  known t h i c k n e s s .  
been developed for  measuring s p l i t t i n g s  and s h i f t s  t o  apprec iab ly  h i g h e r  
accuracy than  quoted i n  publ i shed  s t u d i e s .  
t o  be  complete:  
terms of c rys ta l  f i e l d  t h e o r y ,  is  i n  an e a r l y ,  bu t  promising s t a g e .  
hoped, b u t  n o t  y e t  c e r t a i n ,  t h a t  we w i l l  be  a b l e  t o  d e s c r i b e  t h e  atomic f o r c e  
c o n s t a n t s  i n  terms of t h e  atomic c o n f i g u r a t i o n s .  of t h e  Fe atoms. 

This  has  r e q u i r e d  t h e  development of techniques  for 
Methods have a l s o  

The measurements on FeC12 appear  
FeF2 w i l l  be completed s h o r t l y .  T h e o r e t i c a l  a n a l y s i s ,  i n  

I t  is 0 

A paper  e n t i t l e d  "The Mossbauer E f f e c t  i n  Fe57 i n  MnO and N i O "  by J .  D .  
Siegwarth was Dresented a t  t h e  American ? + y s i c a l  S o c i e t y ,  Minneapolis,  Minnesota, 
June 20-22, 1966. 

A paper  e n t i t l e d  "The Mossbauer Ef fec t  of  Divalent  Fe57 i n  N i O  and MnO" 
by J .  D. Siegwarth h a s  been accepted  f o r  p u b l i c a t i o n  by The Phys ica l  Review. 

DEFECT PROPERTIES 

Thomas G. Stoebe 
A s s i s t a n t  P r o f e s s o r ,  M e t a l l u r g i c a l  Engineer ing 

This  s tudy  i s  designed t o  s tudy t h e  i n f l u e n c e  o f  l a t t i c e  d e f e c t s  on 
t h e  p r o p e r t i e s  of LiF and MgO crystals, wi th  p a r t i c u l a r  a t t e n t i o n  t o  t h e  
growth of high p u r i t y  s i n g l e  c r y s t a l s .  
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Defect P r o p e r t i e s  of I o n i c  and Ceramic C r y s t a l s  

Hira L. Fotedar  ( O f f i c e  of Engineer ing Research) 
Graduate A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing 
M. S .  Thes is  Research 

el 
Accomplishments d u r i n g  t h i s  r e p o r t  per iod  i n c l u d e  p r e p a r a t i o n  of e x i s t i n g  

equipment and t h e  o r d e r i n g  of tempera ture  c o n t r o l  appara tus  for  c r y s t a l  growth. 
L i t e r a t u r e  surveys  are b e i n g  conducted concerning p u r i f i c a t i o n  and a n a l y s i s  
methods for  LiF, methods of growth of MgO and mechanical p r o p e r t i e s  measure- 
ments i n  LiF. 

MECHANISMS OF DEFORMATION 

Donald J .  Bai ley 
Senior  Research Assoc ia te ,  M e t a l l u r g i c a l  Engineer ing 

The dynamical t h e o r y  of p l a s t i c  deformation,  which phenomena l o g i c a l l y  
accounts  f o r  t h e  m u l t i p l i c a t i o n  and s t ress-dependent  v e l o c i t y  of d i s l o c a t i o n s ,  
has  been shown t o  a c c u r a t e l y  reflect  t h e  mechanis t ic  behavior  of deformation.  
The d e t a i l e d  behavior  of t h e  e m p i r i c a l  parameters ,  and t h e  i n f l u e n c e  of 
deformation s u b s t r u c t u r a l  changes,  has  been p r e d i c t e d  from t h e o r y  and agrees 
w e l l  wi th  experiment.  
stress h a s  been shown t o  be independent of t h e  s ta te  of deformation provided 
it is p r o p e r l y  i n t e r p r e t e d  i n  terms o f  t h e  e f f e c t i v e  stress a c t i n g  on d i s -  
l o c a t i o n s ;  t h e  s p e c i f i c  r e l a t i o n s h i p  of t h i s  e f f e c t i v e  stress t o  t h e  mobile 
d i s l o c a t i o n  d e n s i t y  is found t o  be uniquely c h a r a c t e r i s t i c  of t h e  ra te  
c o n t r o l l i n g  deformation mechanism. 
o f  t h e  dynamical t h e o r y ,  t o g e t h e r  wi th  t h e  i n f l u e n c e  of i m p u r i t i e s  on t h e  
deformation process  l ed  t o  a model which s a t i s f a c t o r i l y  p r e d i c t s  deformation 
behavior  i n  a dynamically s t r a i n - a g i n g  mater ia l .  

The parameter  r e l a t i n g  d i s l o c a t i o n  v e l o c i t y  t o  t h e  

0 
Detai led c o n s i d e r a t i o n  of t h e  r e l a t i o n s h i p s  

A paper  e n t i t l e d  "The R e l a t i o n s h i p  Between D i s l o c a t i o n  Density and Flow 
S t r e s s  i n  Materials Deforming by a P.-N. Mechanism" by W .  F. Flanagan and D. J. 
Bai ley  has  been accepted  f o r  p u b l i c a t i o n  i n  t h e  P h i l o s o p h i c a l  Magazine. 

A paper  e n t i t l e d  "X-ray Analysis  of Fatigue i n  Copper" by W .  F.  Flanagan, 
R. Baggerly and R.  Pe l loux  h a s  been accepted f o r  p u b l i c a t i o n  i n  Advances i n  
X-ray Analys is ,  10  (Plenum P r e s s ) .  

A paper  e n t i t l e d  "X-ray Analysis  of Fat igue i n  Copper" by W .  F. Flanagan, 

i 

R.  
a t  

Baggerly and R. Pe l loux  
Denver Colorado, August 

was p r e s e n t e d  a t  t h e  15th  Conference 
10-12, 1966. 

on X-ray 
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SURFACE PHENOMENA 
i 0  

Many p r o p e r t i e s  o f  ceramic materials are governed by t h e  c h a r a c t e r  of 
This r e sea rch  area t h e  g r a i n  boundaries  of t h e  p o l y c r y s t a l l i n e  composite. 

was e s t a b l i s h e d  t o  o b t a i n  fundamental information r ega rd ing  t h e  chemistry 
and phys ics  o f  t h e  s u r f a c e s  of ceramic materials. 

ALUMINUM OXIDE BICRYSTALS 

W i l l i a m  D.  S c o t t  
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing 

The purpose o f  t h i s  r e sea rch  is  t o  s tudy  g r a i n  boundary effects i n  
macroscopic b i c r y s t a l s  of aluminum oxide by c o n t r o l l i n g  misorientation 
and environment du r ing  t h e i r  p repa ra t ion .  

Mechanical P r o p e r t i e s  of Aluminum Oxide B i c r y s t a l s  

Henry Y. Be Har 
P r e d o c t o r a l  Associate, Ceramic Engineering (June 16 t o  December 1 5 )  - - 

Ph . D. Thesis Research 

The purpose o f  t h i s  p r o j e c t  is t o  produce aluminum oxide  bicrystals with 
'0 

c o n t r o l b d  m i s o r i e n t a t i o n  and t o  s tudy t h e  mechanical p r o p e r t i e s  of t h e  g r a i n  
boundar ies  as a func t ion  o f  miso r i en ta t ion ,  stress and tempera ture .  

A molybdenum and g r a p h i t e  d i e  system has  been developed t o  o b t a i n  a x i a l  
a l ignment  i n  t h e  hot -press  du r ing  b i c r y s t a l  f a b r i c a t i o n ,  and alumina b i c r y s t a l s  
have b e e n . s u c c e s s f u l l y  fabricated at 2000 p . s . i .  at 140OOC for two hours .  Work 
is con t inu ing  on t h e  eva lua t ion  of t h e  q u a l i t y  o f  t h e  boundaries  produced. 

We are a t t empt ing  t o  f a b r i c a t e  aluminum oxide b i c r y s t a l s  by p res su re -  
s i n t e r i n g  i n  c l e a n  vacuum condi t ions  t o  produce c l ean  g r a i n  boundaries  with 
c l o s e l y  c o n t r o l l e d  miso r i en ta t ion .  
mechanical p r o p e r t i e s  tests as w e l l  as i n  t h e  i n v e s t i g a t i o n s  on pore removal 
and i n t e r f a c i a l  energy.  

These specimens w i l l  then  be used f o r  

Pore Growth .and Pore Removal i n  Grain Boundaries of Aluminum Oxide 

W i l l i a m  D. S c o t t  
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineering 

C h r i s  T.  McLeod 
Undergraduate Aide, Ceramic Engineer ing (June 16 t o  December 15) 
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h i s  project is t o  s t u d y  t h e  fo rma t i  - -  n and subsequent 
removal o f  po res  l o c a t e d  on g r a i n  boundaries i n  aluminum oxide  b i c r y s t a l s  , 
and t o  re la te  t h i s  pore behav io r  t o  s i n t e r i n g  and d i f f u s i o n  i n  aluminum ox ide .  

A method has  been found t o  s e p a r a t e  s e c t i o n s  o f  b i c r y s t a l s  a long  t h e  
boundary a f t e r  extended h e a t  t r ea tmen t .  Pores l o c a t e d  on t h e  boundary were 
found t o  be h igh ly  polygonized, and low energy p l a n e s  forming t h e  pore  surfaces 
have been i d e n t i f i e d  by combined x-ray d i f f r a c t i o n  and o p t i c a l  and e l e c t r o n  
microscopy techniques .  

I n t e r f a c i a l  Energ ies  o f  Aluminum Oxide Bicrystals 

James F. Shackel ford  
Research A s s i s t a n t ,  Ceramic Engineering (September 1 6  t o  December 1 5 )  
M.S. Thes i s  Research 

The purpose of t h i s  p r o j e c t  is t o  determine t h e  r e l a t i v e  i n t e r f a c i a l  g r a i n  
boundary e n e r g i e s  i n  aluminum ox ide  by measuring t h e  p r o f i l e  of the rma l ly  
e t ched  boundaries.  

A simple tilt boundary wi th  m i s o r i e n t a t i o n  s e l e c t e d  t o  produce pure  edge 
d i s l o c a t i o n s  w i l l  be i n v e s t i g a t e d  and r e s u l t s  w i l l  be compared wi th  c u r r e n t  
t h e o r i e s  on g r a i n  boundary s t r u c t u r e s .  

The Effect o f  MgO Impurity on Re la t ive  Interfacial Energy i n  Alumina 

Michael Matson (Unsupported) 
Par t - t ime Graduate S tuden t ,  Ceramic Engineer ing  
M .  S . Thes i s  Research 

The purpose of t h i s  p r o j e c t  is t o  measure t h e  effect of t h e  presence  of 
MgO on t h e  g r a i n  boundary energy of alumina and t o  c o r r e l a t e  t h i s  e f f e c t  w i t h  
c u r r e n t  t h e o r i e s  o f  s i n t e r i n g  i n  alumina. 

S e v e r a l  direct  methods of measuring t h e  p r o f i l e  of  a the rma l ly  e t ched  

I n t e r f e r o m e t r i c  
boundary have been i n v e s t i g a t e d .  E lec t ron  microscopy and s u r f a c e  p r o f i l e  
measurements were found t o  l a c k  t h e  r e q u i r e d  s e n s i t i v i t y .  
t echn iques  w i l l  be used.  
o b t a i n e d ,  and MgO doped material is on o r d e r .  

A high p u r i t y ,  s i n g l e  c r y s t a l  of alumina has been 

Impur i ty  Di f fus ion  i n  MgO Under t h e  Inf luence  of an Electr ic  F i e l d  

C h e s t e r  A .  Ilinman 
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineering (June 1 6  t o  December 1 5 )  
Ph. D. T h e s i s  Research 
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The purpose o f  t h i s  p r o j e c t  is t o  i n v e s t i g a t e  t h e  d i f f u s i o n  o f  n i c k e l  
MgO a t  high temperature  and i n  an e l e c t r i c  f i e l d .  By u s i n g  t h e  microprobe 
measure t h e  d r i f t  of t h e  d i f f u s i o n  p r o f i l e  i n  a sandwich d i f f u s i o n  couple ,  a 

i n  
t o  

one can o b t a i n ,  wi th  t h e  h e l p  of o t h e r  bulk d i f f u s i o n  d a t a ,  t h e  mobi l i ty  and 
e f f e c t i v e  change of t h e  n i c k e l  ions. 
t h e  d i f f u s i o n  mechanism. 

Information can a lso be o b t a i n e d  on 

A Centor r  furnace  f o r  use a t  20OO0C i n  c o n t r o l l e d  oxygen p r e s s u r e s  i s  on 
o r d e r ,  and alumina and p la t inum components for  t h e  specimen h o l d e r  have been 
rece ived .  S i n g l e  c r y s t a l  MgO specimens wi th  matched, c leaved s u r f a c e s  have 
been rece ived .  
p o l y c r y s t a l l i n e  MgO are be ing  made t o  develop q u a n t i t a t i v e  a n a l y s i s  techniques .  

I n i t i a l  microprobe measurements on d i f f u s i o n  p r o f i l e s  i n  

SURFACC DIFFUSION 

J e r r y  E. Turnbaugh 
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing 

James M. Isaacson, 
Undergraduate Aide, Ceramic Engineering (June 1 6  t o  August 31) 

Impurity surface d i f f u s i o n  coefficients are t o  be measured i n  o r d e r  t o  
o b t a i n  information upon t h e  s t r u c t u r e  and chemical nature of t h e  s u r f a c e s  of 
ceramic materials. 

Construction of appara tus  i s  cont inuing.  No exper imenta l  work h a s  been 0 
accomplibhed. 

[JSE OF CERAMICS I N  CONTROLLING ANTENNA SYSTEM PARAMETERS 

Irene C. Peden 
A s s o c i a t e  P r o f e s s o r ,  Electr ical  Engineer ing 

I i .  Myron Swarm 
Professor, Electr ical  Engineer ing 

The purpose of t h i s  research  is  t o  s t u d y  t h e  c h a r a c t e r i s t i c s  of 
ceramics as modelling materials for  antenna systems. 
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Ceramic Models o f  t h e  Lunar Surface  

Monte R.  Mueller 
Undergraduate Aide, Electrical  Engineering (June 16 t o  August 31) 

0 

Information as t o  t h e  composition o f  t h e  l u n a r  s u r f a c e  might be ga ined  by 
ana lyz ing  r a d i o  s i g n a l s  t r a n s m i t t e d  from t h e  m o n s  s u r f a c e  i n  terms of t h e  
e l e c t r i c a l  p r o p e r t i e s  o f  t h e  s u r f a c e  material. 

The purpose of t h i s  work was t o  make i n i t i a l  de t e rmina t ions  of  t h e  r e l a t i v e  
d i e l e c t r i c  cons t an t  and loss t angen t  o f  d u n i t e  ( o l i v i n e )  over  a frequency range 
of 2 t o  1 2  GHz.  I t  was d e s i r e d  t o  e s t a b l i s h  p o s s i b l e  r e l a t i o n s h i p s  between 
r e l a t i v e  d i e l e c t r i c  cons t an t  and l o s s  t a n g e n t  ve r sus  frequency and d e n s i t y .  

P re l imina ry  s t u d i e s  i n d i c a t e  t h a t  it may be  i m p r a c t i c a l  t o  use  a ba lanced  
t r ansmiss ion  technique  t o  r e s o l v e  t h e  r e l a t i v e  d i e l e c t r i c  cons t an t  a t  any 
f r equenc ie s  h i g h e r  t han  X band f o r  samples more g r a n u l a r  t han  a f i n e  powder. 

The p r o j e c t  is c u r r e n t l y  i n a c t i v e  due t o  t h e  l a c k  of a g radua te  s t u d e n t  t o  
con t inue  t h i s  work. 

Ceramic Model of t h e  E a r t h  Ionosphere Waveguide System 

George Webber 
Research A s s i s t a n t ,  Electrical Engineering ( June  16 t o  September 15 )  
M. S. Thes i s  Research 0 

The o b j e c t i v e  is  t o  s tudy  t h e  i n f l u e n c e  of ionosphe r i c  e l e c t r o n  d e n s i t y  
p e r t u r b a t i o n s  on very  l o w  frequency propagat ion  by use of v a r i o u s  ceramic 
materials i n  models o p e r a t i n g  at microwave f r equenc ie s .  

The g e n e r a l  t h e o r y  and model have been completed. 

George Webber r e c e i v e d  h i s  M.S. i n  Electrical  Engineering. Thes is  t i t l e :  
“A Mode Analys is  o f  Very Low Frequency Radio Wave Propagation Using Ceramic 
Dielectric Models of t h e  Earth-Ionosphere Waveguide .” 

C h a r a c t e r i z a t i o n  o f  Dielectric Materials 

0. J .  Whittemore, Jr. 
Assoc ia t e  P r o f e s s o r ,  Ceramic Engineering 

The o b j e c t i v e  o f  t h i s  s tudy  is  t o  c h a r a c t e r i z e  t h e  chemical and 
phys ica l  DroDerties o f  d i e l e c t r i c  ceramics, p a r t i c u l a r l y  t h c s e  of  interest 
in t h e  antenna models s t u d i e d  bv Peden and Swarm. 
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S.  P .  Banerjee 
Undergraduate Aide, Ceramic Engineering (September 1 5  t o  December 1 5 )  

A r e p o r t  e n t i t l e d  "Charac te r i za t ion  of Composite Dielectrics" was p repa red ,  
0 

which c o r r e l a t e s  p h y s i c a l  p r o p e r t i e s  of  c a r b o n : s i l i c a : a i r  mix tures  wi th  d i e l e c t r i c  
p r o p e r t i e s .  
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EFFECTS OF RADIATION UPON CERAMIC MATERIALS 

Electromagnet ic  s p e c t r a l  r a d i a t i o n  causes  vary ing  p h y s i c a l  and 
chemical effects upon materials. 
f u n c t i o n  o f  t h e  energy of t h e  i n c i d e n t  r a d i a t i o n  and t h e  c h a r a c t e r  of t h e  
material. 
t h e s e  p r o p e r t i e s  wi th  t h e  n a t u r e  of ceramic materials. 

The n a t u r e  of t h e  effects is u s u a l l y  a 

I t  is t h e  purpose of t h i s  r e s e a r c h  t o  more a c c u r a t e l y  c h a r a c t e r i z e  

ULTRA-VIOLET PHOTOLYSIS OF CERAMIC MATERIALS 

James I .  Mueller 
P r o f e s s o r ,  Ceramic Engineer ing 

The purpose of t h i s  r e s e a r c h  is t o  relate t h e  energy a b s o r p t i o n  wi th  
t h e  electronic i n t e r a c t i o n s  i n  ceramic materials. 

U-V P h o t o l y s i s  Study 

James D. Siegwarth 
S e n i o r  Research Associate, Ceramic Engineering 

Jack K .  Merrow 
P r e d o c t o r a l  Associate, Ceramic Engineer ing (June 16 t o  December 15) 
Ph . D. T h e s i s  Research 

0 

Lakshmi Annapoorni 
Research A s s i s t a n t ,  Ceramic Engineering (September 1 6  t o  December 15) 
Ph . D. T h e s i s  Research 

The i n i t i a l  s t u d y  of u l t r a v i o l e t  effects on MgO w i l l  be done u s i n g  o p t i c a l  
t e c h n i q u e s .  
emitted from u l t a v i o l e t  i r r a d i a t e d  MgO w i l l  be measured u s i n g  a Spex 1500 
s p e c t r o m e t e r .  The UV l i g h t  used f o r  i r r a d i a t i o n  w i l l  be  monochromatized by a 
double g r a t i n g  monochromator c o n s i s t i n g  of a coupled p a i r  o f  J a r r e l l - A s h  0.25 
meter E b e r t  monochromators. 

The wave l e n g t h s  of t h e  luminescent and thermoluminescent l i g h t  

-. i n e  Spex UV spec t rometer  has  been d e l i v e r e d  i n  p a r t  and some o f  t h e  re- 
q u i r e d  e l e c t r o n i c  components have been rece ived  also. P a r t s  have been ordered  
for t h e  l i q u i d  n i t r o g e n  temperature  dewar system i n  which t h e  sample w i l l  be 
? l a c e d  f o r  i r r a d i a t i o n .  
des igned  p r e s e n t l y .  

The dewar and a s s o c i a t e d  vacuum system is be ing  

One of t h e  major d i f f i c u l t i e s  encountered when a t t e m p t i n g  t o  understand 
o p t i c a l  effects  i n  MgO has been t h e  l o w  p u r i t y  of  t h e  material. 
s i n g l e  c r y s t a l s  a v a i l a b l e  now seem to  be  t h o s e  s u p p l i e d  by Monocrystals 
Company of Cleveland,  Ohio. 
about  0.01 atomic percent  with an impuri ty  of  Fe only  about 0 .001  atomic percent .  
Three of t h e s e  c r y s t a l s  have been ordered f o r  o u r  use.  

The p u r e s t  

T h e i r  c r y s t a l s  are small but  t h e  impur i ty  l e v e l  is 

0 
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PROCESSING 

Research i n  t h i s  area is intended t o  ga in  informat ion  r e l a t i v e  t o  t h e  
e f f e c t  o f  p rocess ing  v a r i a b l e s  upon t h e  micro- and macro-structure  o f  
ceramic materials and upon t h e i r  r e s u l t a n t  p r o p e r t i e s .  

CERAMIC PROCESSING 

0. J .  Whittemore, Jr .  
Assoc ia te  P r o f e s s o r ,  Ceramic Engineer ing 

I n i t i a l  S tages  o f  S i n t e r i n g  

J. Joseph Sipe  
Research Assistant, Ceramic Engineering (June 16  t o  December 1 5 )  
M.S. Thes i s  Research 

C. Peter Becker 
Underpadua te  Aide, Ceramic Engineering (June 16  t o  September 1 5 )  

Th 
where p 

ve of t h i s  p r o j e c t  i s  t o  s tudy  t h e  i n i t i a l  s t a g e s  of s i n t e r i n g  
h occurs.  Seve ra l  ceramic materials have shown t h i s  phenomenon 

d u r i n g  ng. 
and mec c o n t r o l l i n g  it. 

Auxi l ia ry  o b j e c t i v e s  are t o  determine i f  it occurs g e n e r a l l y  

During t h e  s i n t e r i n g  of compacts o f  f i n e  p a r t i c l e s  o f  magnesia and f e r r i c  
ox ide ,  pore g r o w t h  has  been shown t o  occur  s imul taneous ly  with d e n s i f i c a t i o n .  
S i m i l a r  compacts of a lpha  alumina showed only  d e n s i f i c a t i o n  du r ing  s i n t e r i n g .  
T i m e  tempera ture  s t u d i e s  are be ing  completed on t h e s e  t h r e e  oxides .  

Character is t ics  o f  Plasma-Spraved Alumina 

Vere S .  Thompson (Unsupported) 
Par t  - t ime Graduate S tuden t ,  Ceramic Engineer ing 
PI. S.  T h e s i s  Research 

Plasma-sprayed alumina is deposi ted as gamma alumina r a t h e r  than t h e  normal 
The o b j e c t i v e  of  t h i s  p r o j e c t  was t o  s tudy  t h e  effects  o f  r e h e a t i n g  a l p h a  form. 

samples o f  plasma-sprayed alumina. 

, The conversion of  gamma t o  a lpha  alumina was found t o  occur  a f t e r  h e a t i n g  
t o  about  1260OC and t o  be accompanied by a f i v e  t o  s i x - f o l d  i n c r e a s e  i n  t o t a l  
pore volume with only  1% l i n e a r  shr inkage.  
t h e  tempera ture  ranges  s t u d i e d ,  i .e. 1150 t o  1590OC. 
d i s t r i b u t i o n  c u r v e s ,  i n t e r n a l  su r f ace  areas were c a l c u l a t e d  and shown t o  

Pore growth occurred through a l l  of 
By i n t e g r a t i n g  pore  size 
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dec rease  r a p i d l y  t o  126OoC, remain r a t h e r  c o n s t a n t  t o  148OoC, then  t o  dec rease  e f u r t h e r  a t  159OOC. 

Vere S.  Thompson r e c e i v e d  h i s  M.S. i n  Ceramic Engingering, December 1966. 
T h e s i s  t i t l e :  " C h a r a c t e r i s t i c s  of Plasma-Aprayed Alumina." 

A paper e n t i t l e d  " S t r u c t u r a l  Changes on Reheating Plasma-Sprayed Alumina" 
by Vere S .  Thompson and 0. J. Whittemore, Jr. has  been accepted  f o r  p r e s e n t a t i o n  
a t  t h e  Annual Meeting of t h e  American Ceramic S o c i e t y ,  N e w  York C i t y ,  May 1967 
( R e f r a c t o r i e s  D iv i s ion ) .  

C h a r a c t e r i z a t i o n  and Formine 

Douglas J. Calk ins  
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineering (June 16  t o  December 1 5 )  
Ph.D. Thes is  Research 

Danie l  Leiser 
Research Assistant, Ceramic Engineering (June 16  t o  December 1 5 )  
M. S. Thes i s  Research 

George D e i t r i c k  
Undergraduate Aide, Ceramic Engineering (June 16  t o  August 1 5 )  

The o b j e c t i v e  of t h i s  p r o j e c t  is t o  s t u d y  ceramic forming methods and 
correlated c h a r a c t e r i z a t i o n  of p a r t i c l e s  and agglomerates.  

The compaction behav io r  o f  ceramic p a r t i c l e s  is b e i n g  s t u d i e d  by de te rmin ing  

0 
stress versus compaction cu rves  on particles of d i f f e r e n t  sizes.  
and fused  alumina g r a i n s  have been compacted. 
behav io r  was noted  wi th  t h e  g l a s s  spheres  wh i l e  t h e  alumina g r a i n  showed more 
n e t  compaction, probably p a r t i a l l y  due t o  greater f r a c t u r e .  
dynamic curves  ob ta ined  wi th  t h e  I n s t r o n  machine have a r a t c h e t e d  appearance,  
p o s s i b l y  due t o  t h e  f r a c t u r e  d u r i n g  compaction. 

Glass s p h e r e s  
More recovery  by e las t ic  

The s e n s i t i v e  

A l i t e r a tu re  survey  o f  t h e  s t a t e  of knowledge o f  t h e  compaction process  
h a s  been completed. 

SINTERING OF ICE 

Pe ter  V .  Hobbs 
A s s o c i a t e  P r o f e s s o r ,  Atmospheric Sciences 

The p r i n c i p a l  o b j e c t i v e  of t h i s  program was t o  develop a theo ry  f o r  
t h e  d e n s i f i c a t i o n  of a compact of ice sphe res  and t o  check t h e  theo ry  
expe r imen ta l ly .  
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Lawrence L.  Radke 
Research A s s i s t a n t ,  Atmospheric Sciences ( June  16  t o  December 1 5 )  
M.S. T h e s i s  Research 0 
Diana Kay Wood 
Undergraduate Aide, Atmospheric Sciences (June 16 t o  August 31) 

Accurate measurements have been made of t h e  ra te  o f  d e n s i f i c a t i o n  of  a 
The compact o f  ice sphe res  as a func t ion  of tempera ture  and p a r t i c l e  s i z e .  

r e s u l t s  are i n  good agreement w i t h  t h e o r e t i c a l  p r e d i c t i o n s  based on a volume- 
d i f f u s i o n  model. The theo ry  t h a t  h a s  been developed, and t h e  way i n  which it 
h a s  been checked expe r imen ta l ly ,  should be o f  gene ra l  i n t e r e s t  t o  ceramic 
eng inee r s .  

Lawrence L. Radke r ece ived  an M.S. i n  Atmospheric S c i e n e s ,  December 1966. 
T h e s i s  t i t l e :  "The Dens i f i ca t ion  o f  Artificial  F i rn ."  

EFFECTS OF LANTHANUM DOPING UPON BARIUM TITANATE 

James I. Mueller 
P r o f e s s o r ,  Ceramic Engineer ing  

Ronald P. Burley (Na t iona l  Lead Co. Fellowship) 
Research Fellow, Ceramic Engineer ing  ' 0 M.S. Thes i s  Research 

T h i s  i n v e s t i g a t i o n  w a s  i n i t i a t e d  t o  determine t h e  effects of p r o c e s s i n g  
parameters  such as type  of lanthanum a d d i t i v e ,  f i r i n g  tempera ture  and fu rnace  
atmosphere upon t h e  micro- and macro-properties o f  barium t i t a n a t e .  

A l i t e r a tu re  survey  has  been completed and s e v e r a l  t i t a n a t e  samples have be 
been p repa red  u s i n g  d i f f e r e n t  lanthanum chemicals as dopant sou rce .  
M i c r o s t r u c t u r a l  c h a r a c t e r i s t i c s  and i d e n t i f i c a t i o n  of condensed phases a r e  
b e i n g  s t u d i e d .  

I t  is planned t o  use two o r  t h r e e  d i f f e r e n t  lanthanum source  a d d i t i v e s  
and de termine  t h e  m i c r o s t r u c t u r a l  e f f e c t s  i n  o r d e r  t o  ga in  a d d i t i o n a l  i n s i g h t  
upon t h e  r e s i s t i v i t y  anomaly. 
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APPENDIX A - 1  

D i s t r i b u t i o n  of P r o j e c t s  Within t h e  Un ive r s i ty  According t o  Research Areas 

Number of S o l i d  
Academic Department P r o j e c t s  Zr-0-C S t a t e  Surface  Rad Process - 

1 - - - - Atmospheric Sc iences  1 

- - - - Chemistry 1 1 

Ceramic Engineer ing  1 8  4 5 6 1 2 

- - Electr ical  Engineer ing  3 - 1 2 

M e t a l l u r g i c a l  
Engineer ing  - - - 5 3 2 

- - - - 1 Phys ics  1 

TOTAL 

APPENDIX A-2 

Number of S t u d e n t s  and Facul ty  Involved i n  Research Supported by Grant Funds 

Number of 
Academic Department Projects 

Atmospheric Sc iences  1 

Chemistry 1 

Ceramic Engineer ing  18  

E l e c t r i c a l  Engineer ing  3 

Engineer ing  5 

Phys ic s  1 

[de t a1 1 u r g  i ca 1 

- 
29 TOTAL 

F a c u l t y  

1 

1 

4 

3 

4 

1 
- 
14 

Research 
Facu l ty  

1 

Under 
Grads MS 

1 1 

- -  

- - 

5 6 

1 1 

3 - 

- - 
- - 
7 11 

T o t a l  
Ph.D. Grads 
L _ _ -  

- 1 

1 1 

10  16  

1 2 

1 4 

1 1 
- - 

1 4  25 
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APPENDIX B 

Ceramic Materials Research Seminars 

"Design wi th  Br i t t l e  Materials" 
Mr. Ralph Barne t t ,  I l l i n o i s  I n s t i t u t e  of Technology Research I n s t i t u t e  

"On t h e  Re la t ionsh ip  Between Dis loca t ion  Densi ty  and Flow S t r e s s "  
Mr. Donald J. Ba i l ey ,  Sen io r  Research Assoc ia t e ,  M e t a l l u r g i c a l  Engineer ing 

"Diffusion Study of a Z r 0 2 - C  Couple" 
Mr. Charles  A .  Petschke,  Research A s s i s t a n t ,  Ceramic Engineer ing 

" Ion-Doped Perovski te  Ceramics l1 

Fennimore N .  Bradley,  P redoc to ra l  Assoc ia te ,  Ceramic Engineer ing 

"Phys ica l  Ceramic Research a t  Leeds" 
D r .  J. P. Roberts ,  Chairman of t h e  Department of Ceramic Engineering,  
Un ive r s i ty  of Leeds , Leeds , England 

"Mass Spectrometrytt  
P r o f e s s o r  Kiro Zmbov, Department of Chemistry, Rice Unive r s i ty ,  Houston, Texas 

" S i n t e r i n g  of Ice" 
M r .  Lawrence F. Radke, Research A s s i s t a n t ,  Department of Atmospheric Sc iences  

" Ion ic  OpSll(luctivity and Dif fus ion  i n  LiF Crystals" 
Dr. Tho& G. Stoebe ,  A s s i s t a n t  P ro fes so r  o f  Me ta l lu rg ica l  Engineer ing 

a 
"Observat ions of European S c i e n t i f i c  Meetings" 
D r .  John L. Bjorkstam, P ro fes so r  of Electrical Engineer ing  

"Pore Grout h - I n i  t ia l  Stages  of S in t e r ing"  
Mr . John J. Sipe ,  Research A s s i s t a n t ,  Ceramic Engineer ing  

"Aging of Barium T i t a n a t e  Ceramics" 
Mr. Tracy L. S c o t t ,  Research A s s i s t a n t ,  Ceramic Engineer ing 
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APPENDIX C 

Theses Publ ished 

"Ion Doped Perovski te  Ceramics" 
( F e n n i m r e  N .  Bradley)  Ph.D., Ceramic Engineer ing 

"Predic t ion  of Isothermal  Phase Boundaries i n  Ternary Phase Diagrams u s i n g  
Binary Thermodynamic Data" 
( G .  Harinarayanan) M.S., M e t a l l u r g i c a l  Engineer ing 

"A Study of Zirconium Dioxide-Carbon Dif fus ion  Couple" 
(Char les  A .  Petschke)  M.S., Ceramic Engineer ing 

"The D e n s i f i c a t i o n  of Ar t i f ic ia l  Firn"  
(Lawrence L. Radke ) M.S . , Atmospheric Sciences 

"Propagation Using Ceramic Dielectric Models of t h e  Earth-Ionosphere Waveguide" 
(George E. Webber) M.S.,  Electrical Engineer ing 
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APPENDIX D 

Papers Publ i shed:  

"A Tors ion  Effusion Study o f  t h e  Reaction of Graphi te  w i th  Hafnium and 
Uranium Dioxides," T. C.  M. P i l l a y  and N. W .  Gregory, J o u r n a l  - of P h y s i c a l  
Chemistry,  - 70, 3140 (1966 1. 

Papers Accepted for  Pub l i ca t ion :  

"The Re la t ionsh ip  Between Dis loca t ion  Density and Flow S t r e s s  i n  Materials 
Deforming by a P.-N. Mechanism," W. F. Flanagan and D. J. B a i l e y ,  
P h i l o s o p h i c a l  Magazine. 

"X-ray Analys is  of Fa t igue  i n  Copper," W. F. Flanagan, R. Baggerly and R ,  
Pe l loux ,  Advances i n  X-ray Analys is ,  1 0  (Plenum P r e s s ) .  

"The Mossbauer Effect of Divalent FeS2 i n  N i O  and MnO," J. D. Siegwarth , 
The - P h y s i c a l  Review. 

-- - 

Papers Pmsen ted :  

"Dovain )rlobility i n  Hydrogen-Bonded F e r r o e l e c t r i c s  ,I' John L. Bjorkstam 
E. Oettel ,  Pacific Coast Regional Meeting of t h e  American 

i e t y ,  Po r t l and ,  Oregon, October 26-28, 1966. 
0 

ct of Deuteron S u b s t i t u t i o n  on Domain Dynamics i n  Potassium 
Dihydrogen Phosphate," John L. Bjorkstam and Richard E. Oettel, In t e r -  
na t iona l  Heeting on F e r r o e l e c t r i c i t y ,  Prague, Czechoslovakia,  June 28- 
J u l y  1, 1966. 

"Electrical P r o p e r t i e s  of Non-Stoichiometric Barium T i t a n a t e  ,I1 Robert J .  
Campbell, Jr. and Robert E.  Schu l t z ,  Pacific Coast REgional Meeting of t h e  
American Ceramic S o c i e t y ,  Po r t l and ,  Oregon, October 26-28, 1966. 

"X-ray Analysis of Fa t igue  i n  Copper," W .  F. Flanagan, R. Baggerly and R. 
P e l l o u x ,  15 th  Conference on X-ray Ana lys i s ,  Denver, Colorado, August 10 -12 ,  
1966.  

"Review of High Temperature Ca lo r ime t r i c  Techniques ,I' B. D.  L i c h t e r ,  P a c i f i c  
Coast Regional Meeting of t h e  American Ceramic S o c i e t y ,  Po r t l and ,  Oregon, 
October 26-28, 1966. 
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"Micros t ruc ture  Determinat ions i n  Be0 ,I' J.  I. Mueller and Robert Thorsen, 
Pacific Coast Regional Meeting of t h e  American Ceramic S o c i e t y ,  P o r t l a n d ,  
Oregon, October 26-28, 1966. 

"Monoclinic-Tetragonal Invers ion  of  Zirconium Dioxide," J .  I.  Mueller and 
John A .  Negrych, Pacific Coast Regional Meeting o f  t h e  American Ceramic 
Soc ie ty ,  Po r t l and ,  Oregon, October 26-28, 1966. 

"A Study o f  t h e  Ternary Zr-0-C System," J. I. Mueller and S. K .  S a r k a r ,  
P a c i f i c  Coast Regional Meeting of t h e  American Ceramic Soc ie ty ,  P o r t l a n d ,  
Oregon, October 26-28, 1966 

" Inf luence  o f  Grain S ize  and Pol ing on Aging o f  Barium T i t ana te , "  Tracy L.  
S c o t t ,  Pacific Coast Regional Meeting o f  t h e  American Ceramic S o c i e t y ,  
Po r t l and ,  Oregon, October 26-28, 1966. 

"The Mossbauer Effect i n  Fe57 i n  MnO and N i O , "  J. D. Siegwarth,  American 
Phys ica l  Soc ie ty ,  Minneapolis,  Minnesota, June 20-22, 1966. 

"P red ic t ing  Ternary Phase Diagrams Using Binary Data," G. W .  Toop, Pacific 
Coast Regional Meeting of t h e  American Ceramic Soc ie ty ,  Po r t l and ,  Oregon, 
October 26-28, 1966. 

"Thermal Expansion of Beta-Eucryptite," J e r r y  E. Turnbaugh and Norman C. 
An 
Po Oregon, October 26-28, 1966. 

t1S 

cu 0. J. Whittemore, Jr., American Soc ie ty  for Engineering 
Ed 

P a c i f i c  Coast Regional Meeting of t h e  American Ceramic S o c i e t y ,  

Ceramic Process ing  I n s t r u c t i o n  i n  Current Ceramic Engineer ing  

Pullman, Washington, June 21-24, 1966. 

Papers  Accepted for P resen ta t ion :  

" S t r u c t u r a l  Changes on Reheating Plasma-Sprayed Alumina," 0. J. Whittemore, 
Jr. and Vere S. Thompson, Annual Meeting o f  t h e  American Ceramic Soc ie ty ,  
N e w  York C i t y ,  May 1967 ( R e f r a c t o r i e s  D iv i s ion ) .  
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APPENDIX E 

CERAMIC MATERIALS RESEARCH PROGRAM REVIEW 
November 1 -2 ,  1966 

With t h e  consent  o f  ou r  NASA t e c h n i c a l  monitor,  i n v i t a t i o n s  were extended 
t o  i n t e r e s t e d  r e sea rch  personnel  t o  a t t e n d  t h e  autumn program review. I n v i t a -  
t io r i s  were s e n t  t o  a p p r o p r i a t e  i n d i v i d u a l s  i n  a l l  f e d e r a l  agencies  and t o  
o f f i c i a l s  o f  Pacific Coast ceramic indus t ry ,  aerospace i n d u s t r y  and non-prof i t  
r e sea rch  l a b o r a t o r i e s  thought  t o  have an i n t e r e s t  i n  t h e  program. 

The program i n  t h e  first day cons i s t ed  of 15-20 minute b r i e f i n g s  by t h e  
va r ious  r e sea rch  supe rv i so r s  and t h e  r e s u l t i n g  d i scuss ion .  
t h e  a t t e n d e e s  v i s i t e d  t h e  va r ious  f a c u l t y  members i n  t h e i r  l a b o r a t o r i e s  and 
aisciissed t h e i r  r e sea rch  i n  d e t a i l .  

On t h e  second day,  

Verbal and w r i t t e n  comments by a t t endees  i n d i c a t e d  t h e  program was 
mutual ly  s u c c e s s f u l  and most i n d i c a t e d  t h a t  cons ide ra t ion  should  be  given t o  
p e r i o d i c  r e p e t i t i o n  of t h i s  t y p e  l ia ison.  
able t o  o b t a i n  informat ion  on research  of i n t e r e s t  one t o  t h r e e  y e a r s  earl ier 
than  might be p o s s i b l e  through normal p r e s e n t a t i o n  or  p u b l i c a t i o n  methods. 

Seve ra l  i n d i c a t e d  t h a t  t hey  were 

SUMMARY OF ATTENDEES 

Visitors 21 ( 1 1  on second day)  
Facul ty  Superv isors  1 3  
Un ive r s i ty  Adminis t ra tors  4 

GEOGRAPHICAL SUMMARY EMPLOYMENT SUMMARY 

Washington 8 
Oregon 5 
C a l i f o r n i a  3 
N e w  York 2 
Washington, D .  C .  2 

1 Ohio - 
TOTAL 2 1  

Ceramic Indus t ry  7 
Aerospace Indus t ry  5 
Federa l  Agencies 4 

USAF ( 2 )  
NASA (1) 
USBM (1) 

Non-Profit Research 3 
Educat iona l  I n s t i t u t i o n s  2 - 

TOTAL 2 1  
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D i s t r i b u t i o n  

-1’. T .  K .  L. Smull ,  Director 
W a n t s  and Research Cont rac ts  
9fFice of Space Sc iences ,  Code SC 
:1’4SA 
Washington 25, D. C. 

i4r. J;rlrnes J. Gangler 
Off ice  of Advanced Research and 

NASA 
i?ashington 25, D.  C. 

Technology 

M r .  Char les  A.  Hermach 
Ames F l i g h t  Center 
NASA 
Moffett F i e l d ,  C a l i f o r n i a  94035 

M r .  John Bucrkley 
Langley Reeearch Center  
NASA 
Langley Station 
Hampton, Virginia 23365 

M r .  Eldon E. Mathauser 
Langley Research Center 
NASA 
Langley S t a t i o n  
iiampton, Vi rg in ia  23365 

,,.c’~ t i .  R. Probs t  ( 2 )  
- i r F i  F l i g h t  Center  

1 :i ‘;A 
1 - 1  VF? Land , Ohio 

. i ’ i i i l i p  Clark in  
I --.,t t-onic Research Laboratory 

I 1 :> h 
.,’/ 5 Technology Square 

d m r i d g e ,  Massachusetts 02139 

A .  G.  Etlbank 
\=<)rldar>3 Space F l i g h t  Center  
NASA 
Greenbel t ,  Maryland 20771 

D r .  Henry Frankel  
Goddard Space F l i g h t  Center  
NASA 
Greenbel t ,  Maryland 20771 

M r .  Robert E.  Johnson 
S t r u c t u r e s  and Materials Branch 
Systems Evalua t ion  and Development 

Manned Space Center  
NASA 
Houston, Texas 77001 

Divis ion  

Mr. James E.  Kingsbury 
Marshal l  Space F l i g h t  Center  
NASA 
H u n t s v i l l e ,  Alabama 35812 

M r .  Howard E. Martens 
NASA, JPL 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 

Dean Franz R. Brontzen 
Dean of Engineer ing 
Rice U n i v e r s i t y  
Houston 1, Texas 

D r .  Stephen E.  Weiberley 
Dean of t h e  Graduate School 
Rensse laer  Poly technic  I n s t i t u t e  
Troy, N e w  York 

D r .  E. Sca la  
P r o f e s s o r  Materials and Metallurgy 
Department of Engineer ing Physics  and 

Materials Sciences 
211 Bard Hall, Cornel1 Univers i ty  
I t h a c a ,  N e w  York 14850 

D r .  R. M. Thomson, D i r e c t o r  
Materials Science Divis ion 
Advanced Research P r o j e c t s  Agency 
Pentagon 
Washington, D. C. 
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D r .  John Barrett 
Chemical Branch, DDR&E 
Department of Defense 
Washington 25, D.  C. 

L t  . Col. Louis Kl inker  
Army Research Office 
Of f i ce  Chief of Research & Development 
Department of t h e  Army 
Washington 25, D. C. 

D r .  H.  M. Davis,  Head 
Metallurgy Branch 
Army Research Office 
Durham, North Caro l ina  

D r .  W .  G. Rauch, Act ing Head 
Metal lurgy Branch 
Materials Science Div is ion  
Office of Naval Research 
Washington, D. C. 

Major R. Houidobre 
S o l i d  S t a t e  Sc iences ,  AFOSR 
1400 Wilson Boulevard 
Arlington, Virginia 

Colonel L. R. S t a n d i f e r ,  USAF 
Director, A i r  Force Materials 

Wright-Pat terson A i r  Force Base 
Ohio 45433 

Laboratory 

M r .  Samuel W. B rads t r ee t  
AFML (MAAM) 
Wright-Pat terson A i r  Force Base 
Ohio 45433 

M r .  L. N .  Hjelm 

2400 E l  Segundo Boulevard 
E l  Segundo, C a l i f o r n i a  

SSD-SSTRT 

D r .  I. Warshaw 
Div i s ion  o f  .Engineer ing 
N a t i o n a l  Science Foundation 
Washington, D. C. 20550 
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Seattle, Washington 

Mr. George E. Hughes ( 2 )  
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